SHEET FEED DEVICE FOR FEEDING CUT SHEETS WHILE INTOBPOSINe 
SHORTONED INTERVAL BETWEEN SUCCESSIVELY FED TWO SHEETS 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a sheet feed device 
for feeding cut sheets one by one while separating the 
tojanost sheet stacked in a paper cassette. 
2. Description of the Related Art 
10 A conventional sheet feed device as disclosed In 

Japanese Patent Publication No. 2895158 is schematically 
shown in Fig. l- The device feeds cut sheets stacked in a 
paper cassette 206 to a print position and then discharges 
onto a discharge trey 211. A print head 201 performs 
15 printing on a sheet of paper fed to the print position. The 
print head 201 is mounted on a carriage 202 that is movatoly 
supported on a carriage shaft 203 extending in the wldthwise 
direction of the sheet of pap«r. 

The sheet feed device includes a sheet feed roller 207, 
20 a sheet feed rootor (not shown) , a transportation roller 204, 
a first pinch roller 205a, a second pinch roller 205b, an 
edge sensor 209. and a discharge roller 210 and its 
associated pinch roller 210a. The sheet feed roller 207 is 
disposed above the paper cassette 206. The transportation 
2S roller 204 is disposed downstream of the sheet feed roller 
207 with respect to the direction in which the sheet of 



1 



paper is fed. The first and second pinch rollers 205a and 
205b are both urged against the transportation roller 204. 
The edge sensor 209 is disposed in the vicinity of the first 
pinch roller 205a and also in confrontation with the 
5 transportation roller 204. The discharge roller 210 is 
disposed between the print head 201 and the discharge tray 
211. 

in operation, the sheet feed motor is driven to rotate 
the sheet feed roller 207. Then, the sheet feed roller 207 
10 feeds the topmost sheet stacked in the paper cassette 206 
i^oward a nip between the first pinch roller 205a and the 
transportation roller 204. In cooperation with the first 
and second pinch rollers 205a and 205b, the transportation 
roller 204 feeds the sheet of paper fed by the sheet feed 
IS roller 207 to the print position. The edge sensor 209 
senses the trailing edge of the sheet of paper transported 
along the transportation roller 204. After the print head 
' 201 performs printing operations on the sheet of paper, the 
printed sheet is discharged onto the discharge tray 211 in 
20 accordance with rotations of the discharge roller 210 and 
the pinch roller 2l0a. 

When the sheet of paper has reached the print position 
208, the print head 201 performs printing operations while 
moving back and forth along the carriage shaft 203. Upon 
25 completion of one-way movement of the print head 201, 
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judgement is made as to whether or net the trailing edge of 
the sheet of paper is sensed by the edge sensor 209- The 
printing operations are repeatedly performed until the 
trailing edge of the sheet of paper is sensed by the edge 
5 sensor 209. When the sheet of paper is printed for a 
predetermined length after the trailing edge of the sheet of 
paper is sensed by the edge sensor 209, a sheet feed 
operation for the subsequent sheet of paper is commenced 
even if the printing operations are continuing for the 
10 preceding sheet of paper. 

in the conventional sheet feed device described above, 
a long interval exists between the two successively fed 
sheets because the edge sensor 209 is disposed apart from 
the paper cassette 206- Long sheet-to-sheet interval is 
15 disadvantageous in terms of sheet feed efficiency. 

In order to shorten the sheet-to-sheet interval, it is 
conceivable to commence the sheet feed operation before the 
edge sensor senses the trailing edge of the preceding sheet 
of paper. In order to accomplish such a sheet feed 
operation, the timing at which the sheet feed operation is 
commenced has to be determined based on the estUnated 
position of the trailing edge of the preceding sheet of 
paper. However, with such sheet feed operations, exact 
sheet-to-sheet interval is not assured. Moreover, paper jam 
is liable to occur if a different size of paper is mixed 
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with the sheets of paper stacked in the paper cassette. 

SUMMARY OF THE INVENTION 
in view Of the foregoing, it ifi an object of the 
invention to provide a sheet feed device that can 
successively feed sheets of paper while preserving exact and 
shortened sheet-to-sheet interval. 

In order to achieve the above and other objects, there 
is provided a sheet feed device that includes a sheet 
accommodating unit, a sheet feed roller, a trailing edge 
detector, and a control unit. The sheet accoinmodating unit 
accommodates a plurality of cut sheets in a stacked 
condition. The sheet feed roller feeds a cut sheet 
accommodated in the sheet accommodating unit. The cut sheet 
has a leading edge and a trailing edge defined in relation 
to a sheet feed direction in which the cut sheet is fed by 
the sheet feed roller. The trailing edge detector detects 
the trailing edge of the cut sheet and outputs a detection 
signal indicative of the detection of the trailing edge. 
The control unit determines a timing at which a subsequent 
cut sheet is fed out by the sheet feed roller based on the 
detection signal. 

According to another aspect of the invention, there is 
provided a sheet feed device that includes a sheet 
accoinmodating unit for accommodating a plurality of cut 
sheets in a stacked condition, a first roller, a trailing 
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edge detector, a second roller, and a control unit. The 
first roller feeds a cut sheet accommodated in the sheet 
accoiranod&ting unit. The trailing edge detector detects the 
trailing edge of the cut sheet and outputs a detection 
signal indicative of the detection of the trailing edge. 
The second roller is disposed downstream of the first roller 
with respect to the sheet feed direction, and starts 
conveying the cut sheet when the first roller stops feeding 
the cut sheet. The trailing edge detector starts detecting 
the trailing edge of the cut sheet when the first roller 
stops feeding the cut sheet. The control unit determines a 
timing at which a subsequent cut sheet is fed out by the 
first roller based on the detection signal. 

BRIEF DSSCRIPTION OF THE DRAWINGS 

The particular features and advantages of the 
invention as well as other objects will become apparent from 
the following description taken in connection with the 
accompanying drawings, in which: 

Fig. 1 is a schematic diagram showing a conventional 
sheet feed device; 

Fig. 2 is a schematic diagram showing a sheet feed 
device . in accordance with a first embodiment of the 
invention ; 

Fig. 3A is a top view showing a sheet feed roller and 
it associated components in accordance with the first 



embodiment of the invention ; 

Fig. 3B is a cross-sectional side view showing the 
sheet feed roller feeding a sheet of paper in a paper 
cassette in accordance with the first embodiment; 
5 Fig- 4 is a block diagram showing a control unit and 

components connected thereto in accordance with first to 
third embodiments of the invention; 

Fig. 5 is a flowchart showing operational sequence of 
the sheet feed operation performed by the control unit in 
10 accordance with the first to third embodiments of the 
invention ; 

Fig. 6 is a schematic diagram showing a sheet feed 
device in accordance with a second embodiment of the 
invention ; 

25 Fig. 7A is a top view showing a sheet feed roller and 

it associated components in accordance with the second 
embodiment of the invention; 

Fig. 7B is a cross-sectional side view showing the 
sheet feed roller feeding a sheet of paper in a paper 
20 cassette in accordance with the second embodiment; 

Fig- 8A is a top view showing a sheet feed roller and 
it associated components in accordance with one modification 
of the second embodiment; 

Fig. 8B is a cross-sectional side view showing the 
25 sheet feed roller feeding a sheet of paper in a paper 
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cassette in accordance with the modification of the second 
eihbodimen't ; 

Fig. 9A is a top view showing a sheet feed roller and 
it associated components in accordance with another 
modification of the second embodiment; 

Fig. 9B is a cross-sectional side view showing the 
sheet feed roller feeding a sheet of paper in a paper 
cassette in accordance with the modification in Fig. 9A; 

Fig. 10 is a schematic diagram showing a sheet feed 
device in accordance with the third embodiinent of the 
invention ; 

Fig. IIA is a top view showing a sheet feed roller and 
it associated components in accordance with the third and 
fourth embodiments of the invention; 

Fig. IIB is a cross-sectional side view showing the 
sheet feed roller feeding a sheet of paper in a paper 
cassette in accordance with the third and fourth 
embodiments ; 

Fig. 12 is a schematic diagram showing a sheet feed 
device in accordance with the fourth embodiment of the 
invention ; 

Fig. 13 is a block diagram showing a control unit and 
components connected thereto in accordance with the fourth 
embodiment of the invention; and 

Fig. 14 is a flowchart showing operational sequence of 
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the sheet feed operation performed by the control unit of 
the fourth embodiment of the invention. 

nF.TAlLED DESCRIPTION OF THE P REFERRED EMBODIMENTS 
A sheet feed device in accordance with a first 
endDOdiment of the invention will be described with reference 
to Figs. 2 through 5. As shown in Fig. 2. a paper cassette 
11 is disposed in the lowest part of the sheet feed device 
and sustains sheets of paper 12 in a stacked condinion. A 
sheet feed roller 13A is in the form of a sector roller 
configured to have a D-shaped cross-section. The circular 
arc portion of the sheet feed roller 13A is brought into 
contact with the topmost sheet of paper stacked in the paper 
cassette 11. A pair of collars 33 is rotatably disposed at 
both sides of the sheet feed roller 13A to press the stacked 
sheets of paper so as not to be displaced. A rotation 
sensor 14 is disposed near one of the collars 33 to detect 
rotations of the collar 33. A registration sensor 15 is 
disposed downstream of the paper cassette 11 to detect the 
leading edge of a sheet of paper 12. A transportation 
roller I6a and its associated pinch roller 16b are dispbsed 
downstream of the registration sensor 15 to transport the 
sheet of paper 2 toward a print head 18. A guide 19 is 
disposed between the transportation roller 16a and the print 
head 18 to guide the sheet of paper 12 so that it moves 
along a predetermined transportation path. The print head 
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18 performs printing operations onto the sheet of paper 12. 
A discharge roller 17 is disposed downstream of the print 
head 12 to discharge the printed sheet of paper 12 onto a 
discharge tray 20. 
5 A first motor 21 is provided for driving the sheet 

feed roller 13A- A second motor 22 is provided for driving 
the transportation roller 16a and the discharge roller 17. 
A control unit 23 controls the first and second motors 21, 
22, and the print head 18. 

10 Referring next to Figs. 3A and 3B, a structure of the 

rotation sensor 14 and its linking components will be 
described. Fig. 3A is a top view and Fig. SB is a cross- 
sectional side view. 

As shown in Fig. 3B, the paper cassette 11 is provided 

15 with a sheet pressing plate 35 on which sheets of paper are 
placed. The sheet pressing plate 35 urges the sheets of 
paper stacked thereon upward so that the collars 33 are in 
pressing contact with the topmost sheet. More specifically, 
the collars 33 are in the form of a roller and disposed 

20 coaxlally with the sheet feed roller 13A. The sheet feed 
roller 13A is fixedly secured to a roller shaft 34 so as to 
be rotated therewith. The collar 33 disposed at the side of 
the disk 31 is fixedly secured to a disk shaft 32 provided 
in coaxial relation with the roller shaft 34. Another 

25 collar is loosely supported on the roller shaft 34. The 



d±alt shaft 32 ia freely rotatable with respect to the roller 
shaft 34. The collars 33 have a diameter slightly smaller 
than that of the circular arc portion of the sheet feed 
roller ISA- The disk 31 is fixedly secured to the disk 
shaft 32 to be rotatable therewith. 

When the sheet feed roller 13A rotates, the circular 
arc portion of the sheet feed roller 13A is brought into 
contact with the topmost sheet and at this time the collars 
33 are out of contact with the topmost sheet. When the 
sheet feed roller 13A further rotates and the circular arc 
portion is brought out of contact with the topmost sheet, 
the collars 33 are brought into contact with the topmost 
sheet. While the sheet feed roller 13A ia being rotated 
with the Shaft 34, the collars 33 are not rotated with the 
shaft 34. 

AS shown in Fig. 3B, the disk 31 is formed with equi- 
pitch slits at its periphery and the rotation sensor 14 is 
disposed to sense the rotations of the disk 31. More 
specifically, the rotation sensor 14 includes, for example, 
a light emitting element and a light receiving element. 
These two elements are disposed In confronting relation with 
each other with the peripheral portion of the disk 31 
interposed therebetween. An encoder is configured by the 
disk 31 and the rotation sensor 14. 

Next, referring to Fig. 4, the control unit 23 will be 
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described. The control unit 23 implements image forming 
process based on print data received from a h03t computer 9 
through an interface (I/F) 10, and also governs the first 
and second motors 21, 22 and the print head 18. The control 
S unit 23 includes a microcomputer made up of CPU 25, ROM 5, 
RAM 6, and internal bus 24. The control unit 23 further 
includes an ASIC (Application Specific Integrated Circuit) 7 
and a driver circuit 8 connected to the ASIC 7 . 

The CPU 25 temporarily stores the print data fed from 

10 the host computer 9 into the RAM 6 and implements conversion 
process to convert th« print data into image signal in 
accordance with a program stored in the ROM 5. The image 
signal thus converted is supplied to the ASIC 7. The ASIC 7 
activates the driver circuit 8 based on the outputs supplied 

15 from a registration sensor 15 and the rotation sensor 14. 
The registration sensor 15 senses the leading edge and 
rotation sensor 14 senses the trailing edge of the sheet of 
paper being transported- The driver circuit 23 supplies 
driving signals to the first and second motors 21, 22 and 

20 also to the print head 18 together with the image signal. 
The sheet feed roller 13A, the transportation roller 16a, 
the discharge roller 17 and the print head 18 are controlled 
to form images on the sheet of paper being transported. 

Sheet feed operation will next be described while 

25 referring to the flowchart shown in Fig. 5. 



11 



When the control unit 23 receives the print data from 
the host computer 9 (S301) , sheet feed (SF) operation is 
started (S302) . In the sheet feed operation, the driver 
circuit 8 supplies the drive signal to the first motor 21 to 
rotate the same. In accordance with rotations of the first 
motor 21, the sheet feed roller 13A makes one rotation to 
feed out the topmost sheet stacked in the paper cassette 11. 
Then, determination is made as to whether or not the 
registration sensor 15 senses the leading edge of the sheet 
12 (S303) . When the leading edge of the sheet 12 is sensed 
by the registration sensor 15 <S303: YES), the sheet feed 
roller 13A further makes one rotation to feed the sheet 12 a 
predetermined distance (S304) . 

The length of the circular arc portion of the sheet 
feed roller ISA is set to be approximately equal to the 
predetermined distance mentioned above. When the sheet 12 
is fed out from the paper cassette 11 by the sheet feed 
roller 13A, the transportation roller 16a and the pinch 
roller 16b are rotating in reverse or stopped so as not 
allow the sheet 12 to pass the nip between the two rollers. 
AS a result, the sheet 12 that is brought into abutment with 
the nip portion between the transportation roller l€a and 
the pinch roller 16b is slightly bent, thereby preventing 
obliquely feeding the sheet 12. In this embodiment, this 
oblique-feed prevention operation is performed for only the 
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firstly fed sheet but not perfortned for the rest of sheets 
subsequenrly fed. However, the oblique-feed prevention 
operation may be formed for all the sheets to prevent 
occurrence of the oblique feeding throughout the printing 

5 operation , 

Next, the routine proceeds to S305 where sheet 
transportation (ST) operation is started. Upon start of the 
sheet transportation operation, the first motor 21 is 
stopped. In S306, determination is made as to whether or 

10 not the transportation roller 16a is forwardly rotating, 
i.e., in the direction in which the sheet 12 is fed toward 
the print head 18. When the transportation roller 16a is 
forwardly rotating (S306: YES) , the sheet 12 is further fed 
by the transportation roller 16a and the pinch roller 16b. 

15 Then, the routine proceeds to S308- On the other hand, when 
the transportation roller 16a is not forwardly rotating 
(S306: NO), then the routine proceeds to S307 where the 
driver circuit 8 drives the second motor 22 to rotate 
forwardly. The second motor 22 rotates the transportation 

20 roller 16a and the discharge roller 17 so that the sheet 12 
that is in abutment with the nip portion between the 
transportation roller 16a and the pinch roller 16b is 
transported toward the print head 18 and then discharged 
onto the discharge tray 20. In this manner, the sheet 

25 transportation operation is performed by the transportation 



roller 16a and the discharge roller 17 after the sheet 12 is 
relayed to the transportation roller 16a by the sheet feed 
roller 13A. 

When the first motor 21 stops and the sheet 
transportation operation is started, the rotation sensor 14 
starts sensing rotations of the disk 31 (S30B) . The 
rotation sensor 14 continuously senses the rotations of the 
disk 31 until the disk 31 stops its rotations (S309) - The 
fact that the disk 31 is stopped (S309: YES) indicates that 
the trailing edge of the sheet of paper 12 is sensed. The 
disk 31 stops its rotation when the collars 33 are out of 
frictional contact with the topmost sheet. 

When the trailing edge of the sheet 12 is detected in 
S309, the routine proceeds to S310 where the control unit 23 
determines whether or not there is further print data to be 
printed' on the subsequent sheet of paper 12- When there is 
no print data, the driving of the second motor 22 is stopped 
and the routine is hereby ended upon completion of printing 
on the sheet 12 currently being subject to printing and 
discharging the printed sheet 12 onto the discharge tray 20 
by means of the discharge roller 17. On the other hand, 
when there remains print data outstanding for further 
printing on the subsequent sheet of paper, the routine 
proceeds to S311 where the sheet 12 subject to printing is 
fed by a prescribed distance so that a proper distance can 
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be interposed between the trailing edge of the current sheet 
of paper and the leading edge of the subsequent sheet of 
paper. Then, the routine returns to S302 where sheet feed 
operation for the subsequent sheet is started. 

AS described above, the collars 33 are freely 
rotatable about the rotational shaft of the sheet feed 
roller 13A. When the circular arc portion of the sheet feed 
roller 13A is out of contact with the sheet 12, the collars 
33 rotate while frictionally contacting the sheet 12. When 
the collars 33 are out of contact with the topmost sheet 12, 
the collars 33 stop rotating. Accordingly, detection of the 
trailing edge of the sheet 12 can be made based on stoppage 
of rotations of the collars 33- 

The trailing edge or the sheet 12 can be detected 
substantially simultaneously with a time when the sheet 12 
is completely fed out from the paper cassette 11 by the 
sector roller 13A. Therefore, the interval between the two 
"successively fed cut sheets can be set to a fixed and 
shortened distance and so the sheet feeding efficiency is 
improved. Further, detection of the trailing edge of the 
sheet is performed for each sheet, therefore, the interval 
between the two successively fed cut sheets can be set to a 
fixed and shortened distance even if there are variations in 
length of the sheet. Moreover, with the use of the rotation 
sensor 14 and other sensor, such as a position sensor. 
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detection of paper jam can be performed. 

A sheet feed device according to a second embodiment 
of the invention will next be described. The sheet feed 
device 2 of the second embodiment is similar to the sheet 
5 feed device 1 of the first embodiment in arrangement but is 
different therefrom in the shape of the sheet feed roller 
and also in the structure of the rotation sensor. The same 
components as those of the first embodiment will be denoted 
by the same reference numerals and the description thereof 

10 will be omitted to avoid duplicate description. 

As shown in Fig. 6, the sheet feed roller 13B has a 
circular cross-section and is disposed to contact the 
topmost sheet 12 stacked in the paper cassette 11 at all 
times- The collars that are provided in the sheet feed 

15 device 1 of the first embodiment are not necessary for the 
device 2 of the second embodiment because the sheet feed 
roller 13B functions to urge the sheets of papers 12 
downward, A rotation sensor 14 senses rotations of the 
sheet feed roller 13B. When the sheet feed roller 13B stops 

20 its rotation, it is assumed that the trailing edge of the 
sheet 12 is sensed. 

Nextr the components in association with the rotation 
sensor 14 will be described while referring to Figs. 7A and 
7B wherein Fig. 7 A is a top view and Fig. 7B is a cross- 

25 sectional view. The sheet feed roller 13B is rotatably 
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supported on an arm 43. The arm 43 includes a gear train 
consisting of a drive gear 42 and a plurality of idle gears 
(four in the illustrated example). Rotations of the drive 
gear 42 are transmitted through the idle gears 41 to the 
sheet feed roller 13B. The arm 43 is pivotally movable 
about the shaft of the drive roller 42 so that the sheet 
feed roller 13B moves toward and away from the paper 
cassette 11 . 

AS shown in Fig. 7A, the Sheet feed roller 13B is 
fixedly supported on a rotational shaft 34 and is rotatable 
therewith. A disk 31 is fixedly and coaxially attached to 
one end of the rotational shaft 34 so as to rotate with the 
sheet feed roller 13B. A rotation sensor 14 and the disk 31 
serve as an encoder. 

Referring again to the flowchart shown in Fig. 5. the 
sheet feed operation performed by the control unit 23 will 
be described. The operation of the sheet feed device 2 is 
the same as that of the sheet feed device 1 in accordance 
with the first embodiment except for S305 through S308, 
Accordingly, only S305 through S308 will be described. 

When the sheet 12 is relayed to the transportation 
roller 16a, a sheet transportation (ST) operation is started 
(S305) . The sheet feed (SF) roller 13B stops rotating after 
it feeds the sheet 12 a prescribed distance. In S306, 
determination is made as to whether or not the 
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transportation roller 16a is forwardly rotating, i.e., in 
the direction in which the sheet 12 is fed toward the print 
head 18. When the transportation roller 16a is forwardly 
rotating (S306: YES), the sheet 12 is further fed by the 
transportation roller l6a and the pinch roller 16b. Then, 
the routine proceeds to $308. On the other hand, when the 
transportation roller 16a is not forwardly rotating (S306: 
NO), then the routine proceeds to S307 where the driver 
circuit 8 drives the second motor 22 to rotate forwardly. 
The second motor 22 rotates the transportation roller 16a 
and the discharge roller 17 so that the sheet 12 that is in 
abutment with the nip portion between the transportation 
roller 16a and the pinch roller 16b is transported toward 
the print head 18 and then discharged onto the discharge 
tray 20. In this manner, the sheet transportation operation 
is performed by the transportation roller 16a and the 
discharge roller 17. 

After the first motor 21 stops its rotation, the sheet 
feed roller 13B is not rotated by the first motor 21 but 
rotated due to the frictional contact with the topmost sheet 
12 being transported by the transportation roller 16a. In 
S308, the rotation sensor 14 starts sensing the rotations of 
the disk 31. Similar to the operations of the sheet feed 
device 1 of the first embodiment, the rotation sensor 14 
keeps on sensing rotations of the disk 31 until the disk 31 
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stops its rotations- When the rotations of the disk 31 are 
stopped, the control unit 23 determines that the trailing 
edge of the topmost sheet 12 has reached to the position of 
the sheet feed roller 13B. The sheet feed amount in S311 is 
determined while taking in account a distance between the 
leading edge of the sheet 12 and the contact point of the 
sheet feed roller 13B with the sheet X2 because in the 
second embodiment, the sheet feed roller 13B stays on the 
stack of sheets 12, not on the leading edge of the sheet. 

As described above, after the sheet feed roller 13B 
' feeds the sheet 12 with its own rotational power , the sheet 
feed roller 13B is rotated due to frictional contact with 
the sheet 12 that is transported by the transportation 
roller 16a, The sheet feed roller 13B stops its rotation 
when the sheet 12 ie completely fed out from the paper 
cassette XI, Accordingly, detection of the trailing edge of 
the sheet 12 can be made based on stoppage of rotations of 
the sheet feed roller 13B. 

As such, the trailing edge of the sheet 12 can be 
detected substantially simultaneously with a time when the 
sheet 12 is completely fed out from the paper cassette 11. 
Because of the simultaneous detection of the trailing edge 
of the sheet 12, the interval between the two successively 
fed cut sheets can be set to a fixed and shortened distance 
and so the sheet feeding efficiency is improved. Further, 
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detection of the trailing edge of the sheet 12 is performed 
for each sheet, therefore, the interval between the two 
successively fed cut sheets can be set to a fixed and 
shortened distance even if there are variations in length of 
the sheet. Moreover, with the use of the rotation sensor 14 
and other sensor, such as a position sensor, detection of 
paper jam can be performed. 

With the sheet feed device 2 in accordance with the 
second embodiment, the rotations of the sheet feed roller 
13B are directly sensed by the encoder configured by the 
disk 31 and the rotation sensor 14. This can be modified as 
shown in Figs. 8A and 8B wherein the disk 32 is coaxially 
attached to the shaft 32 of an idle gear 41 interposed 
between the drive gear 42 and the sheet feed roller 13B, 
Rotations of the idle gear 41 sensed according to this 
arrangement indirectly indicate the rotations of the sheet 
feed roller 13B. 

Further modification of the second embodiment is shown 
in Figs. 9A and 9B wherein a disk supporting plate 45 is 
attached to the rotational shaft 34 of the sheet feed roller 
13B, and a roller 44 is rotatably supported on the disk 
supporting plate 45. The roller 44 is held in contact with 
the topmost sheet in the paper cassette 11. The disk 31 is 
attached to one end of a shaft 32 and the roller 44 is 
attached to another end of the shaft 32 so that the disk 31 
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rotates with the roller 44. Rotations of the roller 44 are 
sensed by the encoder configured by the disk 31 and the 

rotation sensor 14. 

With the arrangement shown in Figs- 9A and 9B, the 
trailing edge or the sheet 12 can be detected before it is 
completely fed out from the paper cassette 11. Therefore, 
when the sheets of paper 12 are successively fed out one 
after another, the sheet 12 can be fed without delay. As a 
result, the interval between the two successively fed cut 
sheets can be shortened. With this modification, the sheet 
feed amount in S311 of the flowchart of Fig. 5 is determined 
while taking in account a distance between the leading edge 
of the sheet 12 stacked in the paper tray 11 and the contact 
point of the roller 44 with the sheet 12. 

The sheet feed roller 13B of the sheet feed device in 
accordance with the second embodiment is swingably movable 
toward and away from the paper cassette 11- The second 
embodiment can further be modified to urge a stack of sheets 
12 toward the sheet feed roller 13B with the provision of 
sheet pressing plate 35 in the bottom of the paper cassette 
11 as in the first embodiment. With such a modification, 
the trailing edge of the sheet 12 can be detected 
substantially simultaneously with a time when the sheet 12 
is completely fed out from the paper cassette 11 without 
need for moving the sheet feed roller 13B toward and away 
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from the paper cassette 11. Therefore, the interval between 
the two successively fed cut sheets can be set to a fixed 
and shortened distance and so the sheet feeding efficiency 
is improved. 

5 A sheet feed device 3 according to a third embodiment 

of the invention will be described while referring to Figs, 
10, llA and IIB, The sheet feed device 3 includes a paper 
storage 75 that sustains a stack of sheets 62 in a slanted 
state. The paper storage 7 5 is formed of a slanted wall 61 

10 and a bottom wall 75. The slanted wall 61 is slanted with 
respect to the vertical direction and supports the stack of 
sheets 12 wherein the lowermost sheet is in contact with the 
slanted wall 61. The bottom wall 75 also supports the stack 
of sheets 12 wherein the lower sides of the stack Of sheets 

15 62 are in contact with the bottom wall 75, 

A sheet feed roller 63 has a circular cross-section 
and is disposed to contact the topmost sheet 12 held in the 
paper storage 75. A rotation sensor 64 is provided in 
conjunction with the sheet feed roller 63 to detect 

20 rotations of the sheet feed roller 63. The registration 
sensor 66 is disposed downstream of the paper storage 75 to 
sense the leading edge of the sheet 62 fed out by the sheet 
feed roller 63. A transportation roller 67a and a pinch 
roller 67b are disposed downstream of the registration 

25 sensor 66 to transport the sheet 62 relayed by the sheet 
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feed roller 63. A guide 65 is provided for guiding the sheet 
62 along a prescribed path- A print head 68 is disposed 
downstream of the transportation roller 67a for printing on 
the sheet 62 transported by the sheet feed roller 67a and 
the pinch roller 67b. A discharge roller 69 is disposed 
downstream of the print head 68 for discharging a printed 
sheet onto a discharge tray 70. 

The sheet feed device 3 also includes a first motor 
71A and a second motor 71B. The first motor 71A is 
operatively coupled to the sheet feed roller 63 to rotate 
the latter. The second motor is operatively coupled to the 
transportation roller 67a and the discharge roller 69 to 
rotate these two rollers. The sheet feed device 3 further 
includes a control unit 23 for controlling the first and 
second motors 71A and 71B, the rotation sensor 64, and the 

print head 68. 

Next, the components in association with the rotation 
sensor 64 will be described while referring to Figs. HA and 
IIB wherein Fig. IIA is a top view and Fig. HB is a cross- 
sectional view. As shown in Fig. IIA, the sheet feed roller 
63 is in meshing engagement with an idle gear 81 as will be 
described later. a disk shaft 89 has one end coaxially 
attached to the idle gear 81 and another end coaxially 
attached to a disk 86- An encoder is formed of the disk 86 
and the rotation sensor 64. As shown in Fig. IIB, the 
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bottom wall 74 of the paper storage 75 is provided with a 
sheet separator 82 with which the lower sides of the stack 
of sheets are contacted. 

The first motor 71A is directly coupled to a drive 
gear 87 to rotate the same. To transmit the rotations of 
the drive gear 85 to the sheet feed roller 63, an 
intermediate gear 84 and an idle gear 81 are provided. The 
drive gear 87 and the intermediate gear 84 are rotatably 
supported on a gear support 85 and meshingly engaged with 
each other. The intermediate gear 84 is movable toward the 
idle gear 81 and brought into meshing engagement with tlie 
idle gear 81. The sheet feed roller 63 is rotatably 
supported on a roller support 88 and has a gear portion that 
is meshingly engaged with the idle gear 81. The roller 
support 88 is rotatable about the shaft of the drive gear 87. 
The sheet feed roller 63 is movable toward and away from the 
slanted wall 61 so that it can contact the topmost sheet 62 
held in the paper storage 75. 

In operation^ when the sheet feed operation is started^ 
the first motor 71A is driven to rotate tbe drive gear 87- 
In accordance with rotations of the drive gear 87, the 
intermediate gear 87 is rotated and moves toward the idle 
gear 81. When the intermediate gear 84 is brought into 
meshing engagement with the idle gear 81, the rotations of 
the intermediate gear 84 are transmitted to the sheet feed 
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roller 63 to rotate the latter. At this time, the sheet 
feed roller 63 is held in a condition in which the roller 63 
is in contact with the topmost she^t 62. Accordingly, the 
topmost sheet 62 is fed out by the sheet feed roller 63 
while being separated from the remaining sheets of paper 
with the aid of the sheet separator 82. When the sheet 62 
is fed out with the sheet feed roller 63, the transportation 
roller 67a is being rotated in reverse so as not to allow 
the sheet 62 to pass through the nip between the 
transportation roller 67a and the idle roller 67b, thereby 
preventing the sheet 62 from being obliquely fed. 

The first motor 71A is deenergized to stop rotations 
of the sheet feed roller 63 and the idle gear 81, and the 
transportation roller 67a and the discharge roller 69 are 
driven by the second motor 7 IB. The sheet feed roller 63 
and the idle gear 81 are disconnected from the first motor 
71A and so held in a freely rotatable condition. However, 
the moving sheet 62 causes the sheet feed roller 63 and the 
idle gear 81 to rotate. 

In accordance with rotations of the idle gear 81, the 
disk 86 rotates and the rotation sensor 64 senses the 
rotations of the disk 86. The control unit 23 receives the 
output from the rotation sensor 64 and determines the 
trailing edge of the sheet 62 . The structure of the control 
unit 23 is identical to that shown in Fig. 4, so the 
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description of the control unit 23 is omitted herein to 
avoid duplicate description. Also, the sheet feeding 
operation performed by the control unit 23 is similar to 
that described with respect to the sheet feed device 2 in 
accordance with the second einbodiment , no further 
description is necessary. 

With the rotation sensor 64 thus constructed, the 
trailing edge of the sheet 62 can be detected before it is 
completely fed out from the paper cassette 61. Therefore, 
when the sheets of paper 62 are successively fed OUt one 
after another, the trailing edge of the sheet 62 can be 
detected before it is completely fed out from the paper 
storage 75. As a result, the interval between the two 
successively fed cut sheets can be shortened while 
maintaining the interval at constant. Moreover, a paper jam 
can be detected if the rotation sensor 64 is used in 
conjunction with a position sensor or the like. 

A sheet feed device 4 in accordance with a fourth 
embodiment of the invention will be described while 
referring to Fig. 12. The sheet feed device 4 of the fourth 
embodiment is similar to the sheet feed device 3 of the 
third embodiment in arrangement but is different therefrom 
in that a single motor is employed, in contrast to two 
motors employed in the third embodiment, for driving various 
rollers and that a gear mechanism is disposed for driving 
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and stopping the various rollers. The same components as 
those of the third embodiment will be denoted by the same 
reference numerals and the description thereof will be 
omitted to avoid duplicate description. 

As described, the sheet feed device 3 of the third 
embodiment includes the first motor 71A. the second motor 
71B and the control unit 23. The firs motor 71A drives the 
sheet feed roller 63. The second motor 71B drives both the 
transportation roller 67a and the discharge roller 69. The 
control unit 23 controls rotations of the first and second 
motors 71A and 7 IB. In contrast, the sheet feed device 4 of 
the fourth embodiment employs a single motor 71C for driving 
all these rollers. Specifically, the sheet feed roller 63, 
the transportation roller 67b, and the discharge roller 69 
are rotated by the motor 71C via a gear mechanism 72. The 
control unit 73 controls rotations of the motor 71C. 

The gear mechanism 72 is constructed to selectively 
transmit rotations of the motor 71C to the rollers. When 
the motor 71C makes forward rotations, the rotations of the 
motor 71C are transmitted to the sheet feed roller 63, the 
transportation roller 67a, and the discharge roller 69 to 
rotate these rollers in directions to move the sheet 62 from 
the paper storage 75 to the discharge tray 70 via the print 
head 68. On the other hand, when the motor 71C makes 
reverse rotations, the rotations of the motor 71C are 
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transmitted only to the transportation roller 67a and the 
discharge roller 69 to move the sheet 62 toward the 
discharge tray 70. That is, when the motor 71 makes reverse 
rotations, the sheet feed roller 63 is not driven but placed 
in a freely rotatable condition. 

The gear mechanism 72 is constructed to change over 
the rotational direction of the transportation roller 67a 
with the use of an actuator, such as solenoid. when the 
sheet 62 is fed out by the sheet feed roller 63 toward the 
transportation roller 67a, the transportation roller 67a is 
rotated in reverse using the actuator so as not to allow the 
sheet 62 to pass through the nip between the transportation 
roller 67a and the pinch roller 67b. The leading edge of 
the sheet 62 is brought into abutment with the nip 
therebetween, thereby preventing occurrence of oblique 
feeding of the sheet 62. It should be noted that control 
for changing over the rotational direction of the motor 71C 
is implemented by the control unit 73. 

operation of the fourth embodiment will be described 
in detail while referring to Figs. IIA and IIB. 

When the sheet feed operation with the sheet feed 
device 4 is started, the motor 71C ia forwardly driven to 
rotate the drive gear 87. In accordance with rotations of 
the drive gear 87. the intermediate gear 87 is rotated and 
moves toward the idle gear 81. when the intermediate gear 
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87 is brought into meshing engagement with the idle gear 81, 
the rotations of the intermediate gear 87 are transmitted to 
the sheet feed roller 63 to rotate the latter. The sheet 
feed roller 63 is supported by the roller support 88 that is 
rotatable about the shaft of drive gear 87. Therefore, the 
sheet feed roller 63 is urged toward the slanted wall 61 of 
the paper storage 75 and is held in contact with the topmost 
sheet 62. As such, the topmost sheet 62 is fed out by the 
sheet feed roller 63 while being separated from the 
remaining sheets of paper with the aid of the sheet 
separator 82. When the sheet 62 is fed out with the sheet 
feed roller 63, the transportation roller 67a and the 
discharge roller 69 are being rotated forwardly to convey 
the sheet 62 in the paper transportation direction by virtue 
of the gear mechanism 72. 

When the motor 71C is rotated in reverse, the sheet 
feed roller 63 and the idle gear 81 are not rotated by the 
rotational power of the motor 7lc because the intermediate 
gear 84 is disengaged from the idle gear 81. Instead, the 
sheet feed roller 63 and the idle gear 81 are rotated due to 
frictional contact with the moving sheet 62. 

In accordance with rotations of the idle gear 81, the 
disk 86 rotates and the rotation sensor 64 senses the 
rotations of the disk 86. The control unit 23 receives the 
output from the rotation sensor 64 and determines the 
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txailing edge of "the sheet 62. 

Next, the control unit 73 will be described with 
reference to Fig. 13. As shown therein, the structure of 
the control unit 73 is Identical to that shovm in Fig. 4. 
However, in accordance with the fourth embodiment, the drive 
circuit 60 of the control unit 73 controls only one motor 
and controls the rotational direction of the motor 71C. 

Sheet feed operation performed by the sheet feed 
device 4 in accordance with the fourth embodiment will be 
described while referring to the flowchart shown in Fig. 14. 

When the control unit 73 receives the print data from 
the host computer 9 (S401) , sheet feed (SF) operation is 
started (S402) . In the sheet feed operation, the driver 
circuit 60 supplies the drive signal to the motor 71C to 
rotate it in the forward direction. In accordance with 
forward rotations of the motor 71C, the sheet feed rollier 63, 
the transportation roller 67a and the discharge roller 69 
rotate via the gear mechanism 72 to feed out the topmost 
sheet stacked in the paper storage 75. Then, determination 
is made as to whether or not the registration sensor 66 
senses the leading edge of the sheet 66 (S403) . When the 
leading edge of the sheet 66 is sensed by the registration 
sensor 66 (S403; YES), the sheet feed roller 63 further 
feeds the sheet 66 a predetermined distance (S404) . The 
predetermined distance is such a distance necessary to relay 
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the Sheet 66 to the transportation roller 67a after sensing 
l:he leading edge of the sheet 66 by the registration sensor 
66. 

Next, the routine proceeds to S405 where sheet 
transportation (ST) operation is started. Upon start of the 
sheet transportation operation, the motor 71C is rotated in 
reverse to transport the sheet 62 that is brought into 
abutment with the nip between the transportation roller 67a 
and the pinch roller 67b. At this time, the driving of the 
sheet feed roller 3 is interrupted and the transportation 
operation is performed only by the transportation roller 67a 
end the discharge roller 69. 

When the driving of the sheet feed roller 63 is 
interrupted, the rotation sensor 64 starts sensing rotations 
of the disk 86 (S406) - The rotation sensor 64 continuously 
senses the rotations of the disk 86 until the disk 86 stops 
its rotations (S407) . The fact that the disk 86 is stopped 
(S407: YES) instructs the control unit 73 that the trailing 
edge of the sheet of paper 62 is sensed. 

When the trailing edge of the sheet 62 is detected in 
S407, the routine proceeds to S408 where the control unit 73 
determines whether or not there Is further print data to be 
printed on the subsequent sheet of paper 62. When there is 
no print data, the driving of the motor 71C is stopped and 
the routine is hereby ended upon completion of printing on 
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the sheet 62 currently being subject to printing and 
discharging the printed sheet 62 onto the discharge tray 70 
by means of the discharge roller 69. On the other hand, 
when there remains print data outstanding for further 
5 printing on the subsequent sheet of paper, the routine 
proceeds to S409 where the sheet 62 subject to printing is 
fed by a prescribed distance so that a proper distance can 
be interposed between the trailing edge of the current sheet 
of paper and the leading edge of the subsequent sheet of 

10 paper. Then, the routine returns to S402 where sheet feed 
operation for the subsequent sheet is started. In the 
fourth embodiment, the sheet feed amount in S409 is 
determined while taking into account a distance between the 
lower edge of the sheet 62 that is in contact with the sheet 

15 separator 82 and a contact point of the sheet feed roller 63 
with the sheet 62. 

As described, the sheet feed device 4 driven by a 
single motor 71C is capable of controlling various rollers 
with the use of the gear mechanism 72. Further, the 

20 trailing edge of the sheet 62 can be detected based on the 
fact that the sheet feed roller 62, that is rotated by the 
frictional contact with the sheet 62 being conveyed by the 
transportation roller 67a, stops its rotations. As such, 
the trailing edge of the sheet 62 can be detected before it 

25 is completely fed out from the sheet storage 75. Therefore, 
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the interval between the two successively fed cut sheets can 
be Shortened while maintaining the interval at constant, so 
the sheet feeding efficiency is improved- Further, 
detection of the trailing edge of the sheet is performed for 
5 each sheet of paper, therefore, the interval between the two 
successively fed cut sheets can be set to a fixed and 
shortened distance even if there are variations in length of 
the sheet. Moreover, with the use of the rotation sensor 64 
and other sensor, such as a position sensor, detection of 

10 paper jam can be performed. 

While the invention has been described in detail with 
reference to specific embodiinents thereof, it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 

15 the spirit of the invention, the scope of which is defined 
by the attached claims. 

For exaniple, throughout the various embodiments and 
their modifications, the transportation roller may perform 
the oblique-feed prevention operation for only the firstly 

20 fed sheet and may not perform that operation for the rest of 
the sheets. It is preferable to apply this type of control 
to the sheet feed devices in accordance with the first to 
third embodiments and their modifications. Alteamatively , 
the transportation roller may perform the oblique-feed 

25 prevention operation for all the sheets. It is preferable 
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to apply this type of control to the sheet feed device in 
accordance with the fourth embodiment and its modifications. 
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